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Keywords Abstract 


DEA Evaluating the bank productivity over 2015-2019 with Data Envelopment Analysis (DEA) 


Malmquist Productivity for 30 banks from eight developing countries is the main target of this study and in this 


index correspondence, we have compared the productivities with Malmquist Productivity Index 


SBM (MPI) which is very useful for managers for expanding their evaluation. The additive models 


are often named Slack Based Measure (SBM), and this group of models measures efficiency 
via slack variables. We evaluate the SBM Variable Return to Scale (SBM-VRS) and 
Constant Return to Scale (SBM-CRS). The results indicate that the SBM (VRS) model has 


Banking system, 


SBM-CRS. 


the most productive effect during all periods compare with other suggested models in MPI. 
Meanwhile, SBM-CRS is in the second place. Input-oriented has been taken into account 
for the suggested models. The dataset has been acquired from BankFocus-Bureau van Dijk 


database. 


1. Introduction 


Despite the unprecedented growth in the banking industry in developing countries, research on the performance and efficiency 
of this industry is almost challenging. Svitalkova [1] shows that non-parametric methods are more acceptable than parametric 
ones for ranking decision-making units (DMUs). Based on Wanke et al. [2], DEA is a critical non-parametric method presently 
applied for efficiency and productivity evaluation. This method, technologically advanced by Charnes et al. [3], is founded by a 
scientific way of measuring efficiency. DEA classifies the most efficient DMUs and specifies what inefficient units must do to 
become efficient. To clarify more, DEA shows the best observe to be recognized from an efficiency frontier [4]. Berger and 
Humphrey [5], in an outstanding study, surveyed 130 pieces of training that examined 21 multiple countries to evaluate bank 
efficiency base on parametric and non-parametric approaches, which shows the importance of education on efficiency evaluation 


in bank sectors. The main purposes are to recapitulate and intially analysis experiential evaluations of financial organization 
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efficiency and try to attain at a consent view. They find that the numerous efficiency approaches do not essentially yield constant 
outcomes and propose some methods that these ways might be improved to bring about results that are more accurate and useful 
[6-23]. 

The banking industry plays a critical role in the budget and, consequently, the difficulties associated with bank performance 
are the focus of our literature. Most papers are inspired by aforementioned concerns, encouraged by the recent financial crisis. 
As such, it aims to incorporate risk into the bank efficiency and to provide a snapshot of the efficiency outline of the banking 
industry and, accordingly, to evaluate the banking crisis. It is perceived that various DEA models are commonly utilized in 
different studies to compare, rank, and evaluate energy efficiency. 

Finding the superior model provide valuable information for bank managers to select the best model. Meanwhile, comparing 
various bank's companies from different developing countries is one of the novelties of our research, which considers large 
laboratories at the same time. Thus, it can be beneficial for managers to have superior evaluating, remove unrelated data, and 


more effective processes. 


2. Methods 


The objective of this study is to compare companies' efficiency effectively. Using a comparative DEA with MPI is 
established to determine the features of banks in terms of some DMUS with four suggested models. Finally, the entire progression 


can be divided into four steps, as follows: 


2.1. SBM-CRS Model 


The additive models are commonly called Slack Based Measure (SBM). This model shows the input extra, and the output 


lack simultaneously with inward at a point on the efficient frontier. In scientific relationships the SBM-CRS model is given as: 


MinZ 2 YS; tyi 245r r 
St. 
n — 
> Ay xig +i = xi Jd dus qst 
J=1 
s + 
>. Agr = Yr eS edes 
J= 


A, Sr, Si >0 jJ=l,..,n 


The key SBM goal is to attain the highest value of the input and output slacks in the assumed DMUs. DEA calculates the 
efficiency of each observation based on the frontier that shows all the descriptions. Inefficient DMUs can be value-added 
(changed to the efficient frontier line) with anticipated instruction for growth, which are the facts along the frontier. The distance 


to the efficiency frontier distributes an amount of efficiency. 


2.2. SBM-VRS Model 


After adding the following constrain to the SBM-CRS 
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We can convert CRS to VRS model. This is exactly like the converting CCR to BCC model. In technical relations the 
SBM-VRS model is given as: 


m S 2: 
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3. Inputs and Outputs Description 


3.1. Linear Model in SBM-CRS 
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3.2. Dual Model in SBM-CRS 
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3.3. Linear Model in SBM-VRS 
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3.4. Dual Model in SBM-VRS 
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4. Discussion in the MPI Model 


4.1. Discussion in MPI-SMB-CRS Model 


The average MPI-SBM-CRS for all banks over 2015-2019 is given in Table 1 and Figure 1. 


Tablel. Productivity measurement results based on MPI-SBM-CRS for 30 banks over 2015-2019 
MPI Rank 





Banks 

1 0.95 21 
2 1.16 16 
3 0.89 23 
4 1.35 12 
5 0.81 25 
6 1.64 8 
7 1.30 13 
8 0.96 20 
9 1.89 4 
10 0.79 26 
11 1.25 14 
12 1.58 9 
13 1.49 10 
14 1.04 19 


15 0.69 24 
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Banks 


MPI 
0.49 
1.95 
0.91 
1.73 
1.93 
1.05 
0.67 
1.10 
1.17 
1.45 
0.85 
1.82 
1.78 
1.92 
0.59 
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MPI-SBM-CRS evaluation for 30 banks 


B Productivity 
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Figure 1. Average productivity for MPI-SBM-CRS over 5-year periods for 30 DMUs 


4.2 Discussion in MPI-SBM-VRS Model 
The average MPI-SBM-VRS for all banks over 2015-2019 is given in Table 2 and Figure 2. 


Table 2. Productivity measurement results based on MPI-SBM-VRS for 30 banks over 2015-2019 





Banks MPI Rank Banks MPI Rank 
1 0.96 2l 16 0.50 30 
2 1.17 16 17 1.96 1 
3 0.90 23 18 0.92 22 
4 1.36 12 19 1.76 7 
5 0.82 25 20 1.94 2 
6 1.65 8 21 1.06 18 
7 1.32 13 22 0.69 28 
8 0.97 20 23 1.11 17 
9 1.91 4 24 1.18 15 
10 0.80 26 25 1.48 10 
11 1.26 14 26 0.86 24 
12 1.60 9 24 1.83 5 
13 1.50 10 28 1.79 6 
14 1.05 19 29 1.93 3 
15 0.70 27 30 0.61 29 
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MPI-SBM-VRS evaluation for 30 banks 
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Figure 2. 


Average productivity for MPI-SBM-VRS over 5-year periods for 30 DMUs 


4.3. Results 


It can be concluded from (Table 1 and Figure 1) and (Table 2 and Figure 2): 


e SBM-VRS, SBM-CRS models have the same ranking for all DMUs 


SBM-VRS model has the first and the highest average efficiency score over 5-years period for 30 DMUs 


e . SBM-CRS model has the second average efficiency score over 5-years period for 30 DMUs 
So SBM-VRS model is the best fit model for our evaluation. 


Based on the SBM-CRS model in table 1 and Fig 1: 


e The 17" bank has the 1* or the highest MPI with a productivity score of 1.95. 


The 20" and 29" banks are in the 2" and 3! places with productivity scores of 1.93 and 1.92, respectively. 
The 16" bank has the 30" and the lowest MPI with a productivity score of 0.49. 


The 22"? and 30" banks are in the 28" and 29" places with productivity scores of 0.67 and 0.59, respectively. 


Based on the SBM-VRS model in table 2 and Fig 2: 


e The 17" bank has the 1* or the highest MPI with a productivity score of 1.96. 


The 20" and 29" banks are in the 2" and 3! places with productivity scores of 1.94 and 1.93, respectively. 
The 16" bank has the 30" and the lowest MPI with a productivity score of 0.50. 


The 22"? and 30" banks are in the 28" and 29" places with productivity scores of 0.69 and 0.61, respectively. 
Although the difference between efficiency scores among the six suggested models is negligible, the SBM-VRS model 


has the highest rank. SBM-CRS, is in the 2". Finally, the following relation is applicable for all DMUs in all MPIs and all 
years: 
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SBM-VRS» SBM-CRS (7) 


5. Conclusion 


Productive companies are the best reference for increasing the productivity of unproductive banks. The SBM-VRS 
model has a more positive impact on efficiency score compare with other suggested models. One of the advantages of the 
SBM model compare with other suggested methods is decreasing the value of inputs and increasing the number of outputs 
simultaneously. The proposed approach, geometric average, results, and predictions derived from the period and 
productivities in MPI can help the practitioner to compare the efficiency of uncertain cases and instruct accordingly. In 
the future, applying window analysis and comparing final productivities result with MPI will be valuable. Since the 
proposed window analysis method is based on a moving average, it is useful for finding per efficiency trends over time 
Meanwhile, using fuzzy and random data for MPI will be interesting as a final comparison. So, the results and predictions 
can be helpful for managers who benefit from this approach to achieve a higher relative productivity score. For the future 


study, we will extend the research by utilizing some optimization and machine learning approaches [24-32]. 


Conflict of Interest Statement 


The authors declare no conflict of interest. 


References 


[1] Z. Svitalkova, Comparison and evaluation of bank efficiency in selected countries in EU, “Procedia Economics and Finance,” vol. 12, 
no. 1, pp. 644—653, 2014. 

[2] P. Wanke, M. A. K. Azad, C. Barros, “Predicting efficiency in Malaysian Islamic banks: A two-stage TOPSIS and neural networks 
approach," Research in International Business and Finance, vol. 36, no. 1, pp. 485—498, 2016. 

[3] Charnes, W. Cooper, E. Rhodes, “Measuring the efficiency of decision-making units," European Journal of Operational Research, vol. 
2, no. 6, pp. 429-444, 1978. 

[4] Charnes et al., “Data Envelopment Analysis: Theory, methodology, and applications," Springer, (1994). 

[5] N. Berger, D. B. Humphrey, “Efficiency of financial institutions: International survey and directions for future research," European 
Journal of Operational Research, vol. 98, no. 2, pp. 175-212, 1997. 

[6] M. Mirmozaffari, “Developing an Expert System for Diagnosing Liver Diseases", EJERS, vol. 4, no. 3, pp. 1-5, Mar. 2019. 

[7] M. Mirmozaffari, “Presenting a Medical Expert System for Diagnosis and Treatment of Nephrolithiasis," EJMED, vol. 1, no. 1, pp. 1-3, 
2019. 

[8] M. Mirmozaffari, “Eco-Efficiency Evaluation in Two-Stage Network Structure: Case Study: Cement Companies," Iranian Journal of 
Optimization (IJO), vol. 11, no.2, pp. 125-135, 2019. 

[9] M. Mirmozaffari, A. Alinezhad, “Ranking of Heart Hospitals Using cross-efficiency and two-stage DEA,” in proc. 7th International 
Conference on Computer and Knowledge Engineering (ICCKE), Mashhad, Iran, 2017, pp. 217. 

[10] M. Mirmozaffari," Presenting an expert system for early diagnosis of gastrointestinal diseases," International Journal of Gastroenterology 
Sciences, vol 1, no. 1; pp. 21-27, 2020. 

[11] Aranizadeh, M. Kazemi, H. Berahmandpour, M. Mirmozaffari, *MULTIMOORA Decision Making Algorithm for Expansion of HVDC 
and EHVAC in Developing Countries (A Case Study)," Iranian Journal of Optimization, 2020. 

[12] Aranizadeh, I. Niazazari, M. Mirmozaffari, “A Novel Optimal Distributed Generation Planning in Distribution Network using Cuckoo 
Optimization Algorithm," European Journal of Electrical Engineering and Computer Science, vol.3, no. 3, 2019. 

[13] M. Mirmozaffari et al., “A Novel Machine Learning Approach Combined with Optimization Models for Eco-efficiency Evaluation, ” 
Applied Sciences, vol. 10, no. 15, pp. 5210, 2020. 

[14] M. Mirmozaffar et al., *A Novel Improved Data Envelopment Analysis Model Based on SBM and FDH Models," European Journal of 
Electrical Engineering and Computer Science, vol. 4, no. 3, pp. 1-7, 2020. 





m-cooro g 








Malakoutian and Khaksar, ENG Trans., vol. 1, pp. 1-9, November 2020 


[15] Alinezhad, M. Mirmozaffari, “Malmquist Productivity Index Using Two-Stage DEA Model in Heart Hospitals," Iranian Journal of 
Optimization, vol. 10, no. 2, pp. 81-92, 2018. 

[16] M. Mirmozaffari et al., “Machine learning Clustering Algorithms Based on the DEA Optimization Approach for Banking System in 
Developing Countries," European Journal of Engineering Research and Science, vol. 5, no. 6, pp. 651-658, 2020. 

[17] M. Yazdani et al., "Improving Construction and Demolition Waste Collection Service in an Urban Area Using a Simheuristic Approach: 
A Case Study in Sydney, Australia," Journal of Cleaner Production, 124138, 2020. 

[18] M. Mirmozaffari, “Developing an Expert System for Diagnosing Liver Diseases", EJERS, vol. 4, no. 3, pp. 1-5, Mar. 2019. 

[19] M. Mirmozaffari, “Presenting a Medical Expert System for Diagnosis and Treatment of Nephrolithiasis," EJMED, vol. 1, no. 1, pp. 1-3, 
2019. 

[20] M. Mirmozaffari et al., “Data Mining Apriori Algorithmfor Heart Disease Prediction,” Int'l Journal of Computing, Communications & 
Instrumentation Engg. (IJCCIE), vol. 4, no. 1, pp. 20-23, 2017. 

[21] A. Addeh et al.,, “Control chart pattern recognition using RBF neural network with new training algorithm and pracrical features,” ISA 


Transactions, vol 79, pp. 202-216, 2018. 


[22] M. Mirmozaffari et al., “Heart disease prediction with data mining clustering algorithms," Int'l Journal of Computing, Communications 
& Instrumentation Engg. (IJCCIE), vol. 4, no. 1, pp. 16-19, 2017. 

[23] M.Mirmozaffari, A. Alinezhad, “Window Analysis Using Two-stage DEA in Heart Hospitals," in proc. 10th International Conference 
on Innovations in Science, Engineering, Computers and Technology (ISECT), Dubai, United Arab Emirates, Oct 2017, pp.44-51. 

[24] N. A. Golilarz, A. Addeh, H. Gao, L. Ali, A. M. Roshandeh, H. M. Munir, R. Khan, *A new automatic method for control chart patterns 
recognition based on ConvNet and harris hawks meta heuristic optimization algorithm, " IEEE Access, vol. 7, pp. 149398—149405, 2019. 

[25] L. Ali, S. Khan, N. A. Golilarz, Y. Imrana, I. Qasim, A. Noor, R. Nour, *A Feature-Driven Decision Support System for Heart Failure 
Prediction Based on y 2 Statistical Model and Gaussian Naive Bayes,” Computational and Mathematical Methods in Medicine, pp. 1-8, 
2019. 

[26] R. Khan, X. Zhang, R. Kumar, A. Sharif, N. A. Golilarz, M. Alazab, “An Adaptive Multi-Layer Botnet Detection Technique Using 
Machine Learning Classifiers, "Applied Sciences, vol. 9, 2019. 

[27] L. Ali, C. Zhu, N. A. Golilarz, A. Javeed, M. Zhou, Y Liu, “Reliable Parkinson’s Disease Detection by Analyzing Handwritten Drawings: 
Construction of an Unbiased Cascaded Learning System based on Feature Selection and Adaptive Boosting Model,” IEEE Access, vol. 
7, pp. 116480—116489, 2019. 

[28] L. Ali, A. Niamat, J. A. Khan, N. A. Golilarz, X. Xingzhong, A. Noor, R. Nour, S. A. Chan Bukhari, “An Optimized Stacked Support 
Vector Machines Based Expert System for the Effective Prediction of Heart Disease, " IEEE Access, vol. 7, pp. 54007-54014, 2019. 

[29] N. A. Golilarz, N. Robert, J. Addeh, “Survey of image de-noising using wavelet transform combined with thresholding functions,” 
Computational Research Progress in Applied Science & Engineering vol. 3, no. 4, pp. 132—135, 2017. 

[30] H. M. Munir, R. Ghannam, H. Li, T. Younas, N. A. Golilarz, M. Hassan, A. Siddique, “Control of Distributed Generators and Direct 
Harmonic Voltage Controlled Active Power Filters for Accurate Current Sharing and Power Quality Improvement in Islanded Microgrids, 
” Inventions, vol. 4, 2019. 

[31] L. Ali, I. Wajahat, N. A. Golilarz, F. Keshtkar, and S. A. C. Bukhari, “ Lda-ga-svm: improved hepatocellular carcinoma prediction 
throughdimensionality reduction and genetically optimized support vector machine," Neural Computing and Applications, pp. 1—10, 2020. 

[32] N. A. Golilarz and H. Demirel, “Thresholding neural network (TNN) with smooth sigmoid based shrinkage (SSBS) function for image 
de-noising," in Proc. CICN, Girne, Cyprus, 2017, pp. 67-71. 





m-cooro 9 








